Introduction
Upper gastrointestinal (GI) bleeding is a common emergency, there is an annual incidence of 90 patients per 100,000 population, ofwhom approximately half are bleeding from duodenal or gastric ulcer.
In spite of greater emphasis on early diagnosis and improvements in medical, surgical and intensive care, mortality is still around 10% and has not changed significantly in the last 25 years.'`3 This lack of improvement in outcome is partly the result of a higher proportion of elderly patients in the population. 4 An analysis of causes of death in 484 patients with acute upper GI bleeding showed that, in 60%, death was due to GI haemorrhage occurring incidentally during a severe medical illness, i.e. they were unavoidable5 (Table I ). The majority of avoidable deaths occurred as a result of postoperative complications when surgery had been performed to terminate continuing or recurrent haemorrhage. These deaths were virtually confined to patients older than 60 years (Table II) . One group has shown that in patients aged more than 60 years, early surgical intervention significantly reduced mortality -4% versus 15% in the delayed group,6 but, as many patients in need ofemergency surgery are poor surgical risks, an early surgical policy is still likely to be associated with a significant mortality from postoperative complications. Thus, ifan effective low-risk haemostatic treatment was available it should reduce mortality.
There are major difficulties in assessing the effect ofdifferent treatments because ofvariation in cause of bleeding and the fact that the majority stop spontaneously. To document a 20% reduction in mortality with any therapy it has been estimated that 10,000 patients would need to be studied. 7 Usual endpoints used in trials have therefore been rebleeding and need for emergency surgery in addition to mortality. In most trials of endoscopic methods for peptic ulcers, patients studied have been those with recent stigmata of haemorrhageas treatment of these lesions which are at high risk of rebleeding should have the greatest impact on outcome.
What is the bleeding lesion?
It is continued bleeding or rebleeding which leads to operation or death in patients with peptic ulcer. Prospective studies have shown that endoscopic stigmata of recent haemorrhage help to predict <30  0  0  0  30-40  1  3  0  40-50  2  7  1  50-60  5  6  0  60-70  12  1 1  3  70-80  24  19  14  > 80  1 1  20  4  Total  55  11  22 which patients are likely to rebleed. " Obliterative closure occurs by the direct application of heat to tissue which causes dessication and shrinkage with consequent narrowing of the lumen of the artery followed by thrombosis. This mechanism is satisfactory for small arteries, but is probably less effective for medium sized and larger arteries. Coaptive closure, on the other hand, occurs when an artery is not only heated, but is compressed mechanically. The effect of this is to produce fusion of the opposing vessel walls as they are compressed, the connective tissue blending into a single sheet. In order to produce good coaptive closure, the mechanical pressure used and the amount of heat generated should be controlled; excessive heat leads to dessication ofthe tissue which, in turn, leads to a less secure bonding. It follows that thermal techniques, where mechanical pressure is applied (such as a heater probe) should in theory be more effective than laser therapy which produces obliterative closure.
The injection of adrenaline and sclerosing agents into or around the vessel produces haemostasis by spasm or thrombosis respectively. Logically, adrenaline, which produces spasm, is more likely to be successful for initial haemostasis, but may be only temporary, whereas sclerosants may fail to arrest haemorrhage initially, but, if successful, provide permanent haemostasis. A combination of these two injections has been used in a number of studies, but there is a disadvantage with sclerosants in that they may themselves cause tissue damage and give rise to complications or rebleeding.
Endoscopic techniques (a) Heater probe this produces direct thermal coagulation by transferring heat to the tissue via a teflon coated probe. This is heated to 250°C by an inner coil and heat is transferred by conduction so that no electricity enters the tissue. The probe is held directly onto the bleeding vessel resulting in coaptive coagulation. The lesion is irrigated via the tip allowing the probe to remain in contact with the tissue.
(b) Monopolar electrocautery Electrocautery is a technique by which an electric current generates heat. Monopolar units require a metal plate to be in contact with the patient to act as the return electrode, the electrical circuit being completed by current flow through the body. Disadvantages include tissue erosion due to sparking, lack of control over tissue heating, induced bleeding due to mechanical contact, thermal complications such as perforation, and possible electrical hazards.'2 Older (dry) probes may adhere to tissue causing clot dislodgement.'3 Newer units (wet) permit coagulation while under continued instillation of water so that adhesion of tissue to the probe is prevented.
(c) Bi-polar or multipolar In bi-polar or multipolar units, the active and return electrodes are built into the probe tip so that no patient return electrode is required. As a bipolar electrode would be difficult to position endoscopically, a multipolar probe has been developed (BICAP) which carries 6 equally spaced microelectrodes and can contact the bleeding lesion from any direction. 14 This unit has a 7 and 10 French probe (diameter 2.3 and 3.3 mm) and a maximum output of 50 watts. The power unit also incorporates a water pump allowing irrigation of the target area. As the tissue heats and dries, electrical resistance increases and current flow decreases. Sparking and tissue damage are minimized and deep tissue erosion avoided.'2 The BICAP unit is portable.
(d) Microwave coagulator a monopolar electrode connected to a magnetron via a 2.7 mm coaxial cable is introduced through a biopsy channel. The electrode is inserted into the vessel and perivascular area and microwaves are then applied. The coagulated area is limited within a range of 3 mm of the inserted electrode and shows little tendency to carbonization.'5 The heater probe4954, monopolar55"-64 and bipolar44"65-appear from the literature to be equally effective. The heater probe has been written about with the greatest enthusiasm, it is relatively simple, easily portable, there is no electrical contact with the patient, and the amount ofenergy supplied with each pulse can be accurately pre-set, reducing the risk of perforation. It can be applied tangentially, and since it remains in contact can remain on target during respiratory movement. The theoretical ability to apply pressure on the bleeding vessel may provide a coaptive seal which may be more effective.
(f) Injection Injectable substances fall into two main groups -vasocontrictors and sclerosants, which may be used alone or in combination. Sclerosants such as ethanol cause dehydration which induces tissue contraction, blood coagulation, and necrosis of the vessel with subsequent fibrosis of the surrounding tissue. 78 The only vasoconstrictor which has been evaluated in trials is adrenaline which is thought to act by inducing vasospasm and platelet aggregation which combine to encourage thrombosis of the bleeding vessel. 79 A number oftrials ofinjection therapy have been carried out.80-98 Significant benefit has been shown in some controlled studies.90-92 Hypertonic saline and ethanol, and pure ethanol injection gave good initial haemostasis in several uncontrolled trials.8"'81'8386'87 Similar success has been shown for polidocanol alone99 and after preinjection with adrenaline.85 It is unclear which injection is the best. Adrenaline alone seems to be effective and does not carry the risk of ulcer extension and perforation occasionally seen with other sclerosants.
The heater probe may be superior to injection with pure alcohol in patients with spurting haemorrhage.95 Some of the treatment failures with injection in this paper were difficult to approach enface with the needle, there was no such problem in applying the heat probe tangentially. Adrenaline-+ polidocanol performed better than adrenaline-+ laser in one study.97 ( 
